Introduction
The family Pterygosomatidae includes 10 genera with approximately 156 described species, most of them (eight genera) are external parasites of lizards, but the species of one genus, Pimeliaphilus Trägårdh, 1905 are found on arthropods and another monotypic genus Bharatoliaphilus Prasad, 1975 was found on a dove.
Within Pterygosomatidae the genera Geckobiella Hirst 1917 , Hirstiella Berlese 1920 and Pimeliaphilus, have been considered less specialized and more "primitive or plesiomorphic, based on their general shape (body longer than wide and with long legs) (Cruz 1984; Bertrand 2002) .
The genus Geckobiella currently includes two species of mite parasites of iguanian lizards, G. texana (Banks, 1904) on Phrynosomatidae in Central and North America and G. harrisi Davidson, 1958 on Tropiduridae in South America. This genus was diagnosed by Hirst (1917; 1926) , Lawrence (1953) , Lane (1954) and Davidson (1958) , but of all the characters enumerated, the only valid autapomorphy is the presence of a specific type of idiosomal hypertrichy on the dorsum (different from that seen in Geckobia and Pterygosoma). Apart from these taxonomic studies, the biology of Geckobiella was studied by Goodwing (1954) and additional distributional records for G. texana were presented by Jack (1959) , Hoffmann (1969) and .
The genus Hirstiella includes species of mite parasites of iguanian and gekkotan lizards. Thirteen species have been assigned to this genus, which was proposed originally for Geckobiella (Hirstiella) trombidiiformis Berlese from Mexico off an unknown host. Later, Cunliffe (1949a; 1952) described three more species and carried out the first revision of Hirstiella and Pimeliaphilus, transferring two species to the former genus (Pimeliaphilus insignis (Berlese) and P. tenuipes (Hirst) ). Jack (1961) made the second examination of both genera, described another species, and transferred Pimeliaphilus sharifi Abdussalam to Hirstiella. Subsequent studies of Hirstiella include the description of new species by Newell and Ryckman (1964) , Hunter and Loomis (1966) , Baker (1998) and Paredes-León and Morales-Malacara (2009). Cruz (1984) described the genus Cyclurobia with a single species, C. javieri Cruz, an ectoparasite of Cuban iguanas. This genus has been synonymized with Hirstiella by Bochkov (2008) .
The genus Pimeliaphilus was proposed for P. podapolipophagus Trägårdh a mite associated with tenebrionid beetles. Geckobia insignis Berlese was also included in this genus. Pimeliaphilus has been assigned to the family Raphignathidae by Trägårdh (1905) , Vitzthum (1942) and Jack (1961; 1964) , and to the Pterygosomatidae by Hirst (1917; 1926) and Cunliffe (1952) . Further, Vitzthum (1942) proposed the genus Pimeliaphiloides Vitzthum for two species of Pimeliaphilus parasitic on lizards (i.e., P. insignis (Berlese) as type species and P. tenuipes Hirst) but Cunliffe (1952) synonymized Pimeliaphiloides with Hirstiella. Despite these issues, the genus Pimeliaphilus has been considered as very close to Hirstiella. As noted above, Pimeliaphilus and Hirstiella have been revised twice. Cunliffe (1952) mentioned some differences in the number of dorsal body setae and the length of the duplex setae (i.e., companion seta ft and solenidion ω 2) on tarsus I; unfortunately these differences are not satisfactory as diagnostic characters. Jack (1961) proposed a separation between the two genera based on the shape of the chelicerae and considered that the only really valid difference cited by Cunliffe was the host preference, Hirstiella on lizards and Pimeliaphilus on arthropods. In its current concept the genus Pimeliaphilus comprises 18 species parasites of arthropods (triatomine bugs, cockroaches, scorpions and beetles).
Another genus that has been mentioned as very close to Hirstiella is the monotypic Tequisistlana Hoffmann and Sánchez, 1980 . Tequisistlana oaxacensis Hoffmann and Sánchez was found associated with the lizard species Lepidophyma smithii (Xantusiidae) and the authors suggested that Hirstiella tenuipes and H. otophila Hunter and Loomis must be transferred to Tequisistlana based on the shape of seta v on the palpal tibia. This proposal was not considered by subsequent authors.
There are few studies on the biology of mites assigned to the genus Hirstiella. We can mention Jack and Girot' s (1965) study on the development of H. insignis Berlese, and Werman's (1983) study on population dynamics of H. pyriformis Newell and Ryckman. Other studies on pterygosomatid mites have included species of Hirstiella (e. g., Cruz 1984; Jack 1964; Bertrand et al. 2000; Bochkov & OConnor 2006 ) but a thorough phylogenetic analysis of the genera included in the family Pterygosomatidae has not been carried out. One attempt was made by Cruz (1984) but he included only seven morphological characters without explaining the criteria for developing his hypothesis. Neither did he specify an out-group or another polarization criterion. Cruz (1984) proposed two subfamilies, Pterygosomatinae and Pimeliaphilinae. The proposed "phylogenetic" relationships within the latter subfamily were as follow (Cyclurobia, (Pimeliaphilus, (Geckobiella, Hirstiella))) (Tequisistlana was not considered).
Our goal is to analyze phylogenetic relationships within the Pimeliaphilinae sensu Cruz, including all the species currently referred to the genera Geckobiella and Hirstiella. The analyses are based on morphological characters of the adult females, supplemented with a few characters from the males and immatures. Following the results of these analyses, updated diagnoses are provided for the genera Geckobiella, Pimeliaphilus (both including parts of Hirstiella) and Tequisistlana. In addition, a new genus is proposed for the American species of Hirstiella parasites on gekkotan lizards, two new species are described, and identification keys are presented.
Material and methods
Mite specimens were obtained from field collections and by loans from Acarological Collections: BM(NH): The Natural History Museum (formerly British Museum (Natural History)), London, United Kingdom; CNAC: Colección Nacional de Ácaros, Instituto de Biología, UNAM, Distrito Federal, Mexico; IESCA: Colección Acarológica, Instituto de Ecología y Sistemática, La Habana, Cuba; OSAL: Acarology Laboratory, Ohio State University. Columbus, Ohio, USA; USNMC: United States National Mite Collection, United States National Museum, Natural History, Smithsonian Institution, Agricultural Research Service, Beltsville, Maryland, USA. In addition, some hosts (Iguanidae) in the Herpetological Collection of Instituto de Ecología y Sistemática (IES), La Habana, Cuba were examined.
The mites were collected by examining hosts under a dissecting microscope Olympus SZ series (Tokyo, Japan); samples were cleared in lactophenol and mounted on microscope slides in the semipermanent Hoyer´s medium. Drawings were prepared using a drawing tube on a Nikon Optiphot Two compound microscope (Tokyo, Japan) with phase contrast and differential interference contrast illumination. All measurements are in micrometers. In the case of leg lengths we measure each leg from coxal plate to tarsus (excluding ambulacra).
The . Seven characters refer to other instars. The specimens analyzed are listed in Table 1 along with voucher numbers. In the case of Hirstiella tenuipes (Hirst) the only known specimen is a deutonymph, while the only available specimen for Hirstiella sharifi (Abdussalam) was also a deutonymph. We included both taxa because most of the characters analyzed are already present in this instar. Those characters that are present only in adult females (e. g., genital setae) were coded as inapplicable (-) for these two taxa. Secondly, characters that could not be observed for various reasons (e. g., specimens poorly preserved or unavailable) are coded as unknown (?). The remaining characters (268-274) correspond to different instars (larvae, deutonymphs and males). States for unavailable instars for certain species are also coded as unknown (?).
We initially coded all structures on the gnathosoma, idiosoma and legs as independent characters. After that we checked on character correlation, especially for serial homology in presence/absence and/or shape of homologous leg setae. In cases with identical state distribution for different legs we analyze the data with the original coding, and by combining potential serial homologues.
The phylogenetic analysis was performed using Winclada-Asado ver. 1.89 (Nixon 1999 (Nixon -2004 . The heuristic search mode was used presetting 500 replications (mult*n = 500), 100 starting trees per replication (hold/:100) with 1000 possible trees saved (hold 1000) with "branch swapping" option "multiple Tree Bisection Reconnection" (multiple TBR + TBR). The search was done with all the characters set as nonadditive (unordered character states) to avoid biased results due to the authors' intuitive criteria (Wiley et al. 1991) . Bremer index and Jackknife analyses were executed in PAUP* 4.0 (Swofford 2002) , for the latter using the settings: 37% deletion, emulate "JAC" resampling, 1,000 replications, "random addition sequences" = 1, and "hold trees" = 2 (Freudenstein et al. 2004) .
The classification of the families of iguanian lizards follows Frost et al. (2001) and that for families of gekkotan lizards follows Gamble et al. (2008) ; the host reptile species names were updated in accordance with The Pterygosoma mutabilis Jack, 1961 Pte.mut.
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Results and discussion
Phylogenetic analysis
The analysis of the data matrix (Appendix 2) showed that 148 of 274 characters were parsimony informative. The analysis including only informative characters resulted in 1 most parsimonious tree ( Fig. 1 ). This is 400 steps long and has a consistency index (CI) of 0.57 and retention index (RI) of 0.79. It suggests two main clades, one with the species of Hirstiella parasitic on iguanian lizards plus Geckobiella (= Geckobiella sensu nov.) (Bremer support and jackknife values of respectively 2 and 78%); and the other with the species of Hirstiella parasitic on gekkotan lizards, plus Pimeliaphilus and Tequisistlana oaxacensis (Bremer support and jackknife values of >4 and 99%). The grouping of these two main clades together, that is the Pimeliaphilinae (sensu Cruz 1984) plus Tequisistlana, is poorly supported (Fig. 1) .
The most parsimonious tree (length: 400 steps, CI = 0.57, RI = 0.79) with Bremer support / jackknife values (only if greater than 50%).
We found identical character state distributions for some homologous setae on different legs suggesting serial homology. Most cases involve characters of legs II-IV, especially legs III-IV. Specific characters involve the following setae (numbers refer to listing in Appendix 1): u" (characters 199, 227), tc' (233, 238, 243) , tc" (234, 239, 244) , a' (241, 246) and a" (242, 247) . Removing potential duplicate characters (227, 238, 243, 239, 244, 246, and 247) results also in a single tree (L = 384, CI = 0.57, RI = 0.79) whose topology is very similar to the most parsimonious tree in the first analysis (see Fig. 1 ), except for the position of Pterygosomatinae as sister taxon to Geckobiella sensu nov. instead of sister taxon to all other Pterygosomatidae included. Notably, jackknife support for the grouping of Pterygosomatinae and Geckobiella sensu nov. is quite strong (82%). These results emphasize that support for any arrangement of the three basal lineages, Geckobiella sensu nov., Tequisistlana / Pimeliaphilus / Bertrandiella, and Pterygosomatinae is relatively weak, even as support for arrangements within the first two lineages is generally strong.
Based on these results we propose the separation of the known species of the genus Hirstiella into three genera. The first (Bremer support and jackknife values 2 and 78%) includes the type species (H. trombidiiformis (Berlese, 1920) ). But this lineage also includes the type species of Geckobiella (G. texana (Banks, 1904) ), thus the valid name of this clade is Geckobiella by principle of priority; therefore, the genus Hirstiella is considered a synonym of Geckobiella and no longer valid. The second (Bremer support and jackknife values 2 and 73%) includes the American species parasitic on gekkotan lizards for which we propose a new genus, Bertrandiella gen. nov. Finally, the third lineage (Bremer support and jackknife values >4 and 100%) includes Pimeliaphilus and the two Old World species parasitic on gekkotan lizards (i. e., H. insignis and H. sharifi). These species are transferred back to Pimeliaphilus.
Discussion of Lineages and Classification
In this section we re-diagnose the genus Geckobiella sensu nov. to include the species parasitic on iguanian lizards formerly placed in Hirstiella, describe Bertrandiella gen. nov. for the American species parasites of gekkotan lizards previously placed in Hirstiella, and re-diagnose the genus Pimeliaphilus sensu. nov. to include the species associated with Old World gekkotan lizards which were formerly included in Hirstiella. We also include a rediagnose for Tequisistlana, the sister taxon of Pimeliaphilus sensu nov. and Bertrandiella gen. nov.
Pterygosomatidae Oudemans
Geckobiella Hirst
Geckobiella Hirst, 1917: 138; Hirst 1926: 199; Radford 1943: 71; 1950: 377; Baker and Wharton 1952: 208; Lawrence 1953: 15. Geckobiella (Hirstiella) Berlese, 1920 : 194. Hirstiella (in part): Hirst 1926 Vitzthum 1942: 806; Radford 1943: 71; 1950: 377; Baker and Wharton 1952: 208; Cunliffe 1952: 162; Jack 1961: 305; Cruz, 1984: 2 . New synonymy. Cyclurobia Cruz, 1984 : 5, syn. Bochkov 2008 Type species. Geckobia texana Banks, 1904 , by monotypy.
Diagnosis. Female.
Palpal tarsus elongate, narrowly attached to tibia; seta v of palpal tibia nude (never ending in thick brush-like structure). Dorsal body setae c3 present; coxal group I-II separate from coxal group III-IV (distance between groups longer than length of coxal group I-II); genital setae (g1) simple, spiniform and slender (sometimes sparsely barbed) and located on the tip of lobes. Tarsi I-IV stout ending blunt; seta tc' longer than tc" on tarsi II-IV. Addition of setae ps1-3 delayed to deutonymph.
Description. Female. Gnathosoma. Palps slender and long (2-3 times as long as the base of gnathosoma); palpal femur with dorsal seta short (never reaching tip of palp), slightly thick, spiniform or subclavate; palpal genua with dorsal seta short, thin, spiniform or subclavate; seta v of palpal tibia nude (never ending in a thick brush-like structure); palpal tarsus slender and narrow. Idiosoma. Oligotrichy present (except for Geckobiella texana and G. harrisi showing hypertrichy). Dorsal setae short, less than 100 μm (except for G. boneti, G. trombidiiformis and G. pelaezi), spinose spatulate (club-like) or peripectinate (in some species setae f2 and h1 dimorphic); setal pair h1 short, half as long as h2 (subequal in length in G. harrisi); setal pair f2 always barbed; dorsal setae c3 present; prodorsal shield absent or present, when present with 1 (vi or sci) or 2 pairs of setae (vi and sci) (Fig. 2) ; genital setae located on lobes. Legs. Femora I-IV of similar size as genua I-IV; leg setae shorter than length of each podomer (segment); tarsi I-IV blunt distally; seta ft of tarsus I acuminate, nude; solenidia ω 1 and ω 2 of tarsus I present (ω1 absent in G. harrisi); setae a" of tarsi II-IV barbed; setae tc of tarsus I long (longer than pretarsus); seta v of genua II absent (present in G. texana); seta vs" of tarsi II-IV absent (present in G. texana); setae 4c of coxae IV absent; setae tc of tarsi II-IV barbed, tc' longer than tc"; coxal group I-II separate from III-IV (distance longer than length of coxal group I-II), coxal group I-II located on anterior part and III-IV on posterior part of idiosoma, at least coxae IV posterior to midline of the idiosoma body; setae 1b of coxae I and 2b of coxae II slender and acuminate, nude; 3c of coxae III acuminate nude or barbed, and 3d barbed or bipectinate; femora II and IV without seta v' (present in G. trombidiiformis and G. pelaezi).
Male. Legs. Seta v' on genua IV large hollow ensiform and seta v" on tibia IV solid and spine-like (except in G. diolii and G. stamii); solenidia ω 1 and ω 2 of tarsus I present. Setal development. Addition of setae ps1-3 delayed to deutonymph.
Hosts. All instars parasitic on the families of iguanian lizards Iguanidae, Phrynosomatidae or Tropiduridae ( Table 2) .
Included species. Geckobiella texana (Banks), G. trombidiiformis Berlese, G. pelaezi (Cunliffe) , G. boneti (Cunliffe) , G. bakeri (Cunliffe) , G. harrisi Davidson, G. stamii (Jack) , G. pyriformis (Newell et Ryckman) , G. javieri (Cruz) , G. diolii (Baker) and G. donnae sp. nov. Paredes-León, Klompen and Pérez ( Table 2 ). G. harrisi Davidson, 1958 Tropiduridae Plica plica Brazil Davidson, 1958 G. stamii (Jack, 1961 
Geckobiella texana (Banks)
Geckobia texana Banks, 1904: 22; 1906: 134 . Pterygosoma texana Banks, 1915 : 31. Geckobiella texana Hirst, 1917 1926: 199; Radford 1943: 71; 1950: 377; Lawrence 1953: 15; Lane 1954: 94. Diagnosis. Adults. With many short plumose or peripectinate (club-like) setae present on dorsum and sides; not arranged in transverse rows; prodorsal shield absent; eyes not on platelets associated with setae (Lane 1954; Jack 1964 Remarks. This species appears to be a specific ectoparasite of Phrynosomatidae lizards (see Table 2 ). The records on other hosts, such as Iguana iguana (Iguanidae) by Hoffmann (1969) or Coleonyx elegans (Eublepharidae) by are considered accidental infestations.
Geckobiella trombidiiformis Berlese
Geckobiella (Hirstiella) trombidiiformis Berlese, 1920: 195 . Hirstiella trombidiformes (sic) Baker and Wharton 1952: 208; Cunliffe 1952: 166; André 1961: 159 . Hirstiella trombidiiformis Hirst, 1926: 197; Radford 1943:71; 1950: 377. Diagnosis. Female. Prodorsal shield very poorly defined with striae similar to those on body but much lighter; prodorsal shield shaped as inverted isosceles triangle with anterior margin straight and with 1 pair of setae (vi) ( Fig.  2A ). Dorsal body setae of medium length, reaching to bases of next setal row; femora II and IV with seta v' (same as in G. pelaezi).
Male. Undescribed. Type. Female HOLOTYPE (Berlese Collection 208/45; Istituto Sperimentale per la Zoologia Agraria, Florence, Italy).
Type locality. Guanajuato, México (Berlese 1920 Remarks. The original description by Berlese (1920) fails to provide clear diagnostic data. Hirst (1926) redescribed the female of G. trombidiiformis based on a couple of specimens from Berlese´s material deposited at British Museum (BM(NH)) and mentioned about the scutum that is apparently absent. Cunliffe (1952) provided a drawing based on specimens from Nuevo León, Mexico, which was checked by C. D. Radford against specimens deposited in BM(NH); in this drawing the species is shown without prodorsal shield, but in his diagnosis Cunliffe (1952) mentioned that the species has a poorly defined prodorsal shield with striae similar to those on the body, but much lighter. Baker (1998) mentioned in a key that G. trombidiiformis has a triangular prodorsal shield with straight anterior margin and a pair of setae. Neither the type specimen nor the specimens deposited at BM(NH) were available for study but we examined some specimens collected from Sceloporus t. torquatus (Phrynosomatidae) of the same state (Guanajuato) as the type collection and can corroborate that G. trombidiiformis has a poorly defined triangular prodorsal shield with a pair of setae (vi) ( Fig. 2A ). Additionally, some characters used in this analysis were compared with previous studies provided by Cunliffe (1952 ), Jack (1961 1964) . Based on the original description and the current analysis G. pelaezi is very close to this species. This species appears to be a specific ectoparasite of Phrynosomatidae lizards (see Table 2 ).
Geckobiella pelaezi (Cunliffe) new combination
Hirstiella pelaezi Cunliffe, 1949: 25. Diagnosis. Female. Prodorsal shield shaped like an inverted isosceles triangle (Fig. 2B) ; differentiated from the rest of the body by having fine striae; anterior central portion with a notch and a seta on each side (vi); femora II and IV with seta v' (as in G. trombidiiformis).
Male Remarks. The holotype, paratype and topotypes were available for analysis (deutonymph paratype was not requested). According to Cunliffe (1949a) this species was compared at that time (by C. D. Radford) with three deutonymphs of Berlese´s material of Geckobiella trombidiiformis deposited in BM(NH), and although they are very close, they differ in body size, type of chelicerae, and size of the rostrum (Cunliffe 1949a ). As mentioned above in remarks of G. trombidiiformis, females of this species are deposited at BM(NH) and we do not know the reason why deutonymphs were compared rather than females but we consider that is essential to realize a detailed analysis of all the instars to clearly delimit both species (G. pelaezi and G. trombidiiformis).
This species appears to be a specific ectoparasite of Phrynosomatidae lizards (see Table 2 ). The record on Crotaphytus collaris (Crotaphytidae) could be a misidentification of the host species because according to Ramírez-Bautista et al. (2010) this lizard is not distributed in the locality (Hidalgo, Mexico) mentioned by Hoffmann (1969) .
Geckobiella boneti (Cunliffe) new combination
Hirstiella boneti Cunliffe, 1952: 166. Diagnosis. Female. Prodorsal shield pentagonal with 2 pairs of setae (vi and sci) (Fig. 2C) ; with long dorsal body setae that extend to bases of next row.
Male. Similar to female but without dorsal shield; palpal femur with short, almost conical seta d; genua IV with enlarged, spinelike ventral seta (Cunliffe 1952 Remarks. This species appears to be a specific ectoparasite of Iguanidae lizards (see Table 2 ). The host type was a specimen of Ctenosaura multispinis in the College Reptile Collection, Wayne, Nebr. The type locality of C. multispinis (now C. acanthura) is Dondomingovillo (sic), Oaxaca, Mexico (Uetz et al. 2007 ). The specimens from Morelos correspond to the collection of Geckobiella texana mentioned by Hoffmann (1969) , however the original label says: "ex Iguana". This does not necessarily imply that the host is Iguana sp. Based on geographic distribution the host is most likely Ctenosaura pectinata instead of Iguana iguana (Reynoso pers. comm.).
Geckobiella bakeri (Cunliffe) new combination
Hirstiella bakeri Cunliffe, 1952: 168. Diagnosis. Female. Prodorsal shield oval possessing only 2 pairs of setae (vi and sci) (Fig. 2D) ; dorsal body setae and most leg setae short and club-like.
Male. Gnathosoma not as slender in proportion to body as in female; dorsal shield absent; dorsal body and leg setae short, club-like (as in female); tibia IV with seta v" small, short, triangular spine-like and genu IV with seta v' large, strong, serrate spine-like.
Type MEXICO, Guerrero, Iguala, April 2003, coll. G. González (CNAC007009-15) .
Remarks. The type series of G. bakeri was not examined; a loan was requested from USNMC but the specimens could not be located (Ochoa pers. comm.). According to Cunliffe (1952) this type series was collected on an undetermined iguana, and it is not possible to know if the host is any of the two native iguanas of San Diego Co. (Dipsosaurus dorsalis or Sauromalus ater) or if the host is a captive iguana (not necessarily a native iguana). Based on our observations of material from Mexico this species seems very close to G. diolii, G. javieri and Geckobiella donnae sp. nov. in the shape of the dorsal setae.
Hoffmann (1969) recorded specimens of this species from Mexico (which were included in our analysis) supposedly collected on the lizard Sceloporus sp. (Phrynosomatidae). After the analysis of several specimens of phrynosomatid lizards (e. g., Sceloporus spp., Phrynosoma spp., etc.) we consider that Geckobiella bakeri is most likely a parasite of Iguanidae instead of Phrynosomatidae (Table 2) . A potential host, the iguanid Ctenosaura pectinata does occur in the relevant locality (Izúcar de Matamoros) (Reynoso pers. comm.); further, we found specimens of G. bakeri on Ctenosaura pectinata from another locality. Possibly, the record by Hoffmann (1969) may be based on a misidentification of the host. However, we stress that this comment about the identity of the host is only an assumption.
Geckobiella harrisi Davidson
Geckobiella harrisi Davidson, 1958: 75. Diagnosis. Female. Idiosoma laterally compressed; dorsal setae short club-like, occurring in patches; short peritremes which do not extend to second palpal segment. Setae ps1-2 spinose spatulate (club-like) and ps3 sparsely barbed.
Male. Idiosoma dorso-ventrally flattened; club-like setae present, most abundant anteriorly on margin of dorsum.
Type Remarks. This species appears to be a specific ectoparasite of Tropiduridae lizards (see Table 2 ). Davidson (1958) mentioned the absence of eyes as a diagnostic character for this species, however we found that G. harrisi has a pair of eyes each located anterolaterally as in other pterygosomatids. Apparently without solenidion ω on tarsus III (unlike Jack 1964).
Geckobiella stamii (Jack) new combination
Hirstiella stamii Jack, 1961: 311. Diagnosis. Adults. Distinct prodorsal shield absent, area striated or ridged over its entire surface.
Female. Dorsal setae short, flattened, expanded and densely spiculate (club-like). Femur II without setae l', l" and v'; genua II-IV without seta l'; femur III-IV without seta l'.
Male. Some dorsal setae short and spinous (club-like). Seta d of palpal femur very short and stout, forming a "five-pronged fork" (Jack 1961 Remarks. This species appears to be a specific ectoparasite of Iguanidae lizards (see Table 2 ).
Geckobiella pyriformis (Newell and Ryckman) new combination
Hirstiella pyriformis Newell and Ryckman, 1964: 164. Diagnosis. Female. Prodorsal shield pyriform (anterior margin not sharply defined) with 1 pair of setae (sci) ( Fig.  2E ). Tarsus III with residual alveolus or minute pore. Male. Well-defined prodorsal shield absent. Trochanter IV without setae (1 seta present in female); genua IV with a large, hollow ensiform seta (v') and tibia with 1 solid spine-like seta (v"), both covered with short, spinose ornamentation (Newell & Ryckman 1964 Sonora, 11 March 1986, coll. G. Lara (CNAC007033-42) .
Remarks. This species appears to be a specific ectoparasite of Iguanidae lizards (see Table 2 ). Baker (1998) reports this species from USA based on paratypes deposited at the Natural History Museum, London, but in the original description Newell and Ryckman (1964) mentioned this species only from Baja California, México. This confusion must be due to the fact that the microscope slides are labeled as Loma Linda, California, USA. However, Newell and Ryckman (1964) mentioned that the description was based from mites collected in a laboratory colony of Sauromalus varius at Loma Linda University, but that the lizards originated from San Esteban Island.
Geckobiella javieri (Cruz) new combination
Cyclurobia javieri Cruz, 1984 : 5. Hirstiella javieri Bochkov, 2008 Diagnosis. Female. Prodorsal shield pyriform with 2 pairs of setae (vi and sci) (Fig. 2F ). Dorsal setae spatulate spinose (subclavate to clavate) (except barbed f2); ps1 sparsely pectinate, ps2 sparsely barbed and ps3 peripectinate. Solenidion 21° 41' 55.34" N, -84° 29' 32.57" W, 10 m asl, 02 November 2011, coll. L. Márquez (CNAC007046-49) .
Remarks. This species appears to be a specific ectoparasite of Iguanidae lizards (see Table 2 ). Geckobiella javieri was described originally based on male and immature specimens. One of us (RP-L) visited the Acarological Collection of IES but unfortunately the type series could not be located. However, three females were recovered from a specimen of Cyclura nubila collected from Cuba and deposited in the Herpetological Collection of IES (12729). The general morphology of these specimens is consistent with that of females of Hirstiella parasitic on Iguanidae (= Geckobiella sensu nov. in this study).
Based on the character matrix (Appendix 2), G. javieri and G. diolii share all character states (except the setal form of dorsal idiosomal setae h1). Additional differences between these species are found in the smaller size of G. javieri, in particular in the size of some structures such as the prodorsal shield length and width 181 x 189 (versus 198 x 226 in G. diolii) (Fig. 2F-G) , width between setal pair sci on prodorsal shield (WSCI) 112 (versus 125 in G. diolii), leg lengths (excluding ambulacrum) from leg I to IV respectively 373, 292, 310 and 362 (versus 463, 360, 369 and 383 in G. diolii) , and solenidion ω 1 and ω 2 of tarsus I length 27 and 45 respectively (39 and 53 in G. diolii) .
In one specimen (CNAC007046) one seta vi was positioned outside the prodorsal shield.
Geckobiella diolii (Baker) new combination
Hirstiella diolii Baker, 1998: 183. Diagnosis. Female. Prodorsal shield distinct, pyriform with 2 pairs of setae (vi and sci) (Fig. 2G ). All dorsal setae spatulate spinose (subclavate to clavate), except for f2 and h1 which peripectinate or barbed. Solenidion ω 2 on tarsus I as long as companion seta ft (as in G. javieri).
Male. Characterized by having subclavate median hysterodorsal setae that not overlap and located on smooth plates; dorsal surface largely covered by transverse shields (except posterior end of opisthosoma) (Baker 1998 Diagnosis. Female. Prodorsal shield shaped as an inverted pentagon with 2 pairs of short setae (vi and sci) that not extending to next row of setae (Fig. 2H) ; anterior sides of shield almost parallel. Dorsal setae short and spinose spatulate (except barbed f2); setae f1 long, subequal to f2; setae ps1-2 sparsely pectinate or barbed; setae ps3 acuminate, nude.
Description. Female. Gnathosoma (Fig. 3A-B ). Subcapitulum simple, not expanded at apex, with 1 pair of ventral, slender and smooth setae (n) inserted behind palps; palps slender and long (twice length of base of gnathosoma); femoral and genual seta (d) spinose and subclavate, that of femur shorter; tibial setae l' and lT smooth and simple, seta v sparsely barbed; tibial claw simple and short (half of length of palpal tarsus); tarsus elongate and narrowly attached to tibia, with basal solenidion ω and 6 setae: basal seta proximally sparsely barbed, 2 more distal setae smooth and simple, 2 apical setae smooth and simple and 1 apical seta sparsely barbed. Chelicerae long (anterior end extending beyond tip of palps) and with proximal part of cheliceral base globose and wide (fivefold the width of distal part); fixed digit membranous and spiniform and movable digit robust and curved. Peritreme long, almost reaching palpal tibia.
Idiosoma (Fig. 3C-D) . Ovoid, clearly longer than wide; maximum width at level of setae c2; cuticle surrounding prodorsal shield, setal platelets, coxae and anogenital area striated; oligotrichous. Dorsum. Prodorsal shield shaped as an inverted pentagon with 2 pairs of short setae (vi and sci) that not extending to next row of setae (Fig. 2H) ; anterior sides of shield almost parallel. Dorsal setae short and spinose spatulate (except barbed f2); setae c3 present; anal area located on posterior tip, setae ps1 and ps2 sparsely pectinate or barbed and ps3 acuminate nude. Venter. Setae: coxal formula 2-2-4-1, located on coxae I-IV except for 3a located on intercoxal area and 4a between posterior coxae IV; 1a, 1b, 2a, 3a, 3b and 4a smooth and slender, 2b and 3c barbed, 3d bipectinate and slightly thicker than the others. Setae ag1-3 slender and smooth, located between posterior coxae IV and beginning of genital region, setae ag2 the shortest; 1 of pair smooth genital setae (g1) located on lobes and longer than ag1-3. Legs (Fig. 4 ). Setal formulae (I-IV, microsetae (κ) and solenidia in brackets): trochanter 1-1-1-1, femur 5-4-3-2, genu 5(κ)-4-3-3, tibia 5-5-5-5, tarsus 14(2)-9(1)-9(1)-9; tarsi I-IV blunt distally, especially tarsus I. All dorsal and lateral setae on trochanter-tibiae I-IV subclavate to clavate and thicker than barbed ventral setae. Tarsi I-IV with setae p feather-like; tarsus I with 1 pair of setae tc smooth (eupathids) subequal in length, and long (clearly longer than pretarsus); setae tc II-IV barbed, shorter than tc I; tc' II-IV longer than tc" II-IV. Tarsus I also with 1 pair of setae it (eupathids) at base of pretarsus; seta vs" on tarsi II-IV absent; solenidia of tarsus I long, ω 2 longer than ω 1 but shorter than companion seta ft. Solenidia on tarsi II-III shorter than solenidia on tarsus I, solenidion on tarsus III shortest. Pretarsi with paired claws bearing tenent hairs. Measurements. HOLOTYPE female (followed in parentheses by range and mean of HOLOTYPE and 5 PARATYPE females). Idiosoma length (gnathosoma excluded) 717 (717-992, 815), idiosoma maximum width 448 (448-659, 548), prodorsal shield length 214 232) , prodorsal shield width (at anterior margin) 152 140) , width between setal pair vi on prodorsal shield (WVI) 68 (51-71, 66) , width between setal pair ve on prodorsal shield (WVE) 174 200) , width between setal pair sci on prodorsal shield (WSCI) 122 (122) (123) (124) (125) (126) (127) (128) (129) (130) (131) (132) (133) (134) (135) (136) (137) 132) ; setal lengths: vi 54 (54-65, 58), ve 74 (74) (75) (76) (77) (78) (79) (80) (81) (82) (83) (84) 78) , sci 60 (60-71, 64), sce (ocular setae): 70 87) ; leg lengths (excluding ambulacrum): leg I 749 (723-835, 769), leg II 509 (506-573, 529), leg III 550 (518-608, 559), leg IV 634 (627-717, 659); solenidion ω 1 of tarsus I length 69 (69) (70) (71) (72) (73) (74) (75) (76) (77) 74) , solenidion ω 2 of tarsus I length 89 96) , ft (companion seta of solenidion ω 2 of tarsus I) length 126 136) , solenidion ω of tarsus II length 42 (42) (43) (44) (45) (46) (47) (48) (49) 45) , solenidion ω of tarsus III length 5 (5) (6) (7) 6) ; gnathosoma length 335 (335-352, 339), base of gnathosoma width 146 (146) (147) (148) (149) (150) (151) (152) (153) (154) (155) (156) (157) (158) (159) (160) (161) (162) 154) , subcapitular setae n length 81 (81) (82) (83) (84) (85) (86) (87) (88) (89) (90) (91) (92) (93) (94) (95) (96) (97) (98) (99) 89) , chelicerae length 294 (294-348, 313), chelicerae width (at base) 46 (46-52, 49), palp length 270 (270-307, 283), palp width 43 (39-52, 46) , palp-claw length 20 (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) 19) , and peritreme length (complete) 335 361 Diagnosis. Female. Palpal tarsus very reduced (distinctly shorter than tibial claw) and round (as long as wide); seta v of palpal tibia with nude stalk ending in thick brush-like structure. Idiosoma longer than wide, oligotrichous; dorsal body setae c3 absent; prodorsal shield shaped as inverted equilateral triangle; setae vi located proximal to ve, both on prodorsal shield; dorsal setal pair h1 heavily pectinate; setae ps1-3 similar in length and arboriform (extensively pectinate), slightly shorter than rest of dorsal setae; genital setae (g1) arboriform and not located on lobes; setae ag1-3 pectinate and long (slightly shorter than f1), setae ag3 longer than subequal ag1-2. Tarsi I-IV progressively narrowing from proximal to distal end. Setae ps1-3 present from larval instar on. Description. Female. Gnathosoma. Palps robust and short; palpal femur with dorsal seta long (sometimes reaching tip of palp), thick and pectinate; palpal tarsus rounded and small; seta v of palpal tibia with nude stalk ending in thick brush-like structure; subcapitulum with anterolateral flange. Idiosoma. Prodorsal shield always present, shaped as equilateral triangle with anterior margin slightly concave and with 3 pairs of setae: vi, ve and sci. Oligotrichous; dorsal setae long and pectinate; dorsal setae c3 absent; setae ps1-3 pectinate; genital setae barbed or pectinate, not located on lobes. Legs. Femora I-IV longer than genua I-IV; leg setae long (almost the length of each podomer); tarsal tips I-IV very narrow; setae v" of genua II and vs" of tarsi II-IV present; setae 4c of coxae IV present; tarsal setae tc' and tc" II-IV peripectinate, similar in length; setae 1b of coxae I, 2b of coxae II and 3c and 3d of coxae III thick, robust and pectinate; seta ft of tarsus I peripectinate and at least half as long as Hosts. All instars parasitic on lizards of gekkotan families, i. e., Sphaerodactylidae, Phyllodactylidae and Eublepharidae (Table 3) . Etymology. This genus is named in honour of the French acarologist Michel Bertrand for his great contributions to the study of pterygosomatid mites.
Remarks. Bertrandiella gen. nov. is the sister taxon of Pimeliaphilus, both genera have (1) the podomers thin, at least twice as long as wide, (2) tarsi I-IV progressively thinned from proximal to distal end and (3) setae v' on genua and v" on tibia IV of males peripectinate. However, the shape of the cheliceral digits, the size of the base of gnathosoma and the shape of companion seta (ft) of tarsus I, allow us to separate it. In Bertrandiella gen. nov. (1) seta ft is peripectinate and long, (2) the base of the capitulum has an anterolateral flange and is as long as the rest of the palps, (3) the cheliceral digits are typical for Pterygosomatidae (fixed digit as a weakly spinous seta-like or
Species
Host Distribution Reference B. tenuipes (Hirst, 1917) Sphaerodactylidae Gonatodes albogularis Colombia Hirst 1917 B. otophila (Hunter and Loomis, 1966) Eublepharidae 
Phyllodactylidae Phyllodactyus lanei rupinus
Mexico This study branched process and movable digit distorted to project laterally and may have one or two teeth), (4) solenidion ω 1 on tarsus I is absent and (5) tibiae I in the larvae are without solenidia; while in Pimeliaphilus (1) seta ft is nude, spiniform and very reduced, (2) the base of gnathosoma is large and longer than the rest of the palps, (3) the cheliceral digits are long and spine-like, (4) solenidion ω 1 on tarsus I is present and (5) tibiae I in the larvae carry solenidion φ 1.
The species of Hirstiella parasitic on Old World gekkotan lizards share the characters mentioned above (and others) with Pimeliaphilus, and for this reason we propose transferring H. insignis and H. sharifi back to Pimeliaphilus.
The monotypic genus Tequisistlana is the sister taxon of the clade comprising Pimeliaphilus and Bertrandiella gen. nov. These three genera share some characters such as the presence on the palpal femur and genua of a pectinate and long dorsal seta (almost reaching the tip of palp), emergent peritremes short (at level of subcapitulum), a prodorsal shield with three pairs of setae (vi, ve and sci), dorsal setae c3 absent and most of the rest of dorsal idiosomal setae peripectinate and long (reaching to the bases of the next setal row).
Tequisistlana and Bertrandiella gen. nov. also share some characters such as the shape of seta v on the palpal tibia (with nude stalk ending in a thick brush-like structure; nude or slightly barbed in Pimeliaphilus), the number and type of dorsal setae, etc. However, the bulk of the evidence in the systematic analysis supports a grouping of Bertrandiella and Pimeliaphilus.
Other included species (all new combinations from Hirstiella). Bertrandiella tenuipes (Hirst, 1917) , B. otophila (Hunter & Loomis, 1966) and B. jimenezi (Paredes-León & Morales-Malacara, 2009) (Table 3) .
The above generic diagnosis is based mainly on characters of adult females. Hirstiella tenuipes, for which the female is unknown, was analyzed based on the only available specimen, a deutonymph, which shares all characters listed with the exception of characters pertaining to the genital (g1), aggenital setae (ag3), dorsal idiosomal setae f2, coxal setae 4c and the length of some setae.
Bertrandiella tenuipes (Hirst) new combination
Pimeliaphilus tenuipes Hirst, 1917: 142; Hirst 1926: 197; Radford 1943 : 71. Pimeliaphiloides tenuipes Vitzthum, 1942 : 613. Hirstiella tenuipes Cunliffe, 1952 
Diagnosis. Adults. Unknown.
Deutonymph. Dorsal propodosomal shield triangular with anterior margin almost straight (slightly concave in middle) and posterior end bluntly pointed; with 3 pairs of long peripectinate setae, 2 anterior (vi and ve) that form transverse row along anterior margin and third inserted posteriorly (sci) (Hirst 1917 (Hirst , 1926 . With long seta sce adjacent to each eye reaching to base of dorsal setae e2 and with seta v on trochanter I feather-like (Jack 1961 Remarks. We checked the only known specimen of this species and found that it is a deutonymph. Jack and Girot (1965) mention that Hirstiella tenuipes closely resembles the deutonymph of H. insignis, differing by its leg setation in the possession of two rather than one seta on femur IV. They concluded that, in the absence of data on the variability in chaetotaxy in these species, it is possible that H. tenuipes may (1) be a deutonymph and (2) be synonymous with H. insignis. We are confirming their first assumption but we are not agreeing with the latter conclusion and keep both as valid species based on the following evidence: in H. tenuipes (1) prodorsal shield shaped as an inverted equilateral triangle, almost as long as wide and with the end bluntly pointed, (2) setae vi on the prodorsal shield is located proximal to ve, (3) setae sci as long as vi, (4) palpal seta v of tibia with nude stalk ending in a thick brush-like structure, (5) subcapitulum simple, not expanded at apex and (6) cheliceral fixed digit membranous and spiniform, and movable digit robust and curved; while in H. insignis (1) prodorsal shield shaped as an inverted pentagon with the posterior sides sharply converging and with a very acute end, (2) setae vi on prodorsal shield located anterior to ve, (3) setae sci longer than vi (twice or more), (4) palpal tibia seta v simple and smooth, (5) subcapitulum apex (hypostome) with a rostral flange (the structure stiff, hyaline shelf just proximal to the striated velum) and (6) the cheliceral digits (movable and fixed) are long and spine-like.
According with these and additional characters (noted above in the Pimeliaphilus section), all used in our phylogenetic analysis, H. tenuipes and H. insignis are two valid and unrelated taxa (Fig. 1) , the former included in Bertrandiella gen. nov. and the latter transferred back to Pimeliaphilus.
This species appears to be a specific ectoparasite of Sphaerodactylidae (see Table 3 ).
Bertrandiella otophila (Hunter and Loomis) new combination
Hirstiella otophila Hunter and Loomis, 1966: 683. Diagnosis. Female. Prodorsal shield triangular bearing 3 pairs of peripectinate setae (vi, ve and sci) and with posterior end as wide as distance between setae vi (not acute ending). Tarsus I with long solenidion ω 2 with slightly longer companion seta ft.
Male. Prodorsal shield trapezoid in shape with posterior margin wider than anterior and with 4 pairs of long peripectinate setae (vi, ve, sci and c1 -17) .
Remarks. This species appears to be a specific ectoparasite of Eublepharidae and Phyllodactylidae (see Table 3 ).
Bertrandiella jimenezi (Paredes-León and Morales-Malacara) new combination
Hirstiella jimenezi Paredes-León and Morales-Malacara, 2009: 443.
Diagnosis. Adults. Companion seta ft shorter than solenidion ω 2 on tarsus I. Female. Prodorsal shield triangular in shape, with very acute posterior margin, and 3 pairs of peripectinate setae (vi, ve and sci).
Male. Prodorsal shield trapezoid in shape with anterior margin wider than posterior and with 4 pairs of long peripectinate setae (vi, ve, sci and c1) 18° 19' 33" N, -97° 26' 59.2" W, 1428 m asl, 30 October 2003 88-89; 93-94; 98-99) .
Remarks. This species appears to be a specific ectoparasite of Phyllodactylidae (see Table 3 ).
Bertrandiella chamelaensis Paredes-León, Klompen and Pérez, new species Diagnosis. Female. Dorsal idiosomal setae vi, ve, sci and sce longer than in B. otophila and B. tenuipes but shorter than in B. jimenezi; femur IV with apparent division into 2 non-articulating segments; companion seta (ft) shorter than solenidion ω 2 on tarsus I; subcapitular setae (n) longer than length of palpal femur. Description. Female. Gnathosoma (Fig. 5A-B ). Subcapitulum simple, not expanded at apex, with a pair of ventral, slender and smooth setae (n) inserted behind palps; palps relatively small and stout, mainly at the base; base of gnathosoma almost as long as the rest of palps; femoral and genual setae (d) and tibial seta l' thick, peripectinate and long (longer than their respective palpal segments); tibial seta lT smooth and simple, seta v with nude stalk ending in a thick brush-like structure; tibial claw simple and short although longer than reduced palpal tarsus and curved at tip; tarsus short and round, with basal solenidion ω and with 5 setae: 2 simple and sparsely barbed (anterior longer); 2 apical, smooth and simple, and 1 (lateral to ω ) simple and barbed at its tip. Chelicerae short (shorter than palps), and with proximal part of cheliceral base elongate (length five times more than width in distal part); fixed digit membranous and spiniform, and movable digit robust and curved. Peritreme short, never reaching palpal femur.
Idiosoma (Fig. 5C-D) . Ovoid, longer than wide; maximum width at level of setae c2; cuticle surrounding prodorsal shield, setal platelets, coxae and anogenital area striated; oligotrichy present. Dorsum. Prodorsal shield shaped as an inverted equilateral triangle with 3 pairs of long and peripectinate setae (vi, ve and sci). Dorsal setae peripectinate and long, each row of setae reaching next row. Setae c3 absent; anal area located forward of posterior tip, with ps1-3 arboriform (extensively pectinate), subequal in length and slightly shorter than rest of dorsal setae. Venter. Setae: coxal formula 2-2-4-2, located on coxae I-IV except for 3a located on intercoxal area and 4a between coxae IV; 1a, 2a, 3a, 3b and 4a slender and sparsely barbed, 1b, 2b, 3c, 3d and 4c thick and peripectinate. Setae ag1-3 longer than coxal setae, thick and heavily pectinate; located between coxae IV and beginning of genital region; ag3 slightly longer than subequal ag1-2; 1 pair of arboriform genital setae (g1) not located on lobes, subequal in length to setae ag1-2.
Legs (Fig. 6 ). Setal formulae (I-IV, microsetae (κ) and solenidia in brackets): trochanter 1-1-1-1, femur 5-4-3-2, genua 5(κ)-5-3-3, tibia 5-5-5-5, tarsus 14(1)-10(1)-10(1)-10; tarsi I-IV progressively thinner from proximal to distal end. All the setae on trochanter-tibia I-IV pectinate and long (some of them as long as each podomer). Tarsi I-IV with setae p feather-like; tarsus I with 1 pair of setae tc smooth (eupathids), subequal in length and short (as long of pretarsus or shorter); tarsi II-IV with setae tc peripectinate and subequal in length (tc' = tc"), and longer than setae tc of tarsus I. Tarsus I also with 1 pair of setae it (eupathids) at base of pretarsus; seta vs" on tarsi I-IV present; setae a on tarsi I-IV simple and smooth. Solenidion ω 2 on tarsus I longer than its companion seta (ft); solenidion ω 1 on tarsus I absent; solenidia on tarsi II-III shorter than solenidia on tarsus I; solenidion on tarsus III shortest. Pretarsi with paired claws bearing tenent hairs.
Measurements. HOLOTYPE female (followed in parentheses by range and mean of HOLOTYPE and nine PARATYPE females). Idiosoma length (gnathosoma excluded) 372 381) , idiosoma maximum width 301 (263-301, 292), prodorsal shield length 136 (133-139, 137) , prodorsal shield width (at anterior margin) 167 (167) (168) (169) (170) (171) (172) (173) (174) (175) (176) (177) (178) 174) , width between setal pair vi on prodorsal shield (WVI) 53 (50) (51) (52) (53) (54) (55) (56) 53) , width between setal pair ve on prodorsal shield (WVE) 139 (135) (136) (137) (138) (139) (140) (141) (142) (143) (144) (145) (146) 141) , width between setal pair sci on prodorsal shield (WSCI) 56 (43-67, 56); setal lengths: vi 132 (132-143, 138), ve 146 (144-152, 147), sci 143 (135-146, 141) , sce (ocular setae): 139 (133) (134) (135) (136) (137) (138) (139) 138) ; leg lengths (excluding coxa and ambulacrum): leg I 432 428), 385), 407), 457) ; solenidion ω 2 of tarsus I length 52 (51) (52) (53) (54) (55) (56) (57) 54) , ft (companion seta of solenidion ω 2 of tarsus I) length 27 (27) (28) (29) (30) (31) (32) 30) , solenidion ω of tarsus II length 14 (12-14, 13) , solenidion ω of tarsus III length 10 (9-10, 10); gnathosoma length 158 (153) (154) (155) (156) (157) (158) (159) (160) (161) 157) , base of gnathosoma width 152 (146) (147) (148) (149) (150) (151) (152) (153) (154) (155) (156) (157) (158) (159) (160) 153) , subcapitular setae n length 47 (42-51, 48), chelicerae length 146 (143-152, 146) , chelicerae width (at base) 34 (31-34, 32), palp length 158 (147-160, 152) , palp width 46 (43-54, 48), palpclaw length 27 (26-31, 27) , and peritreme length (complete) 136 (136) (137) (138) (139) (140) (141) (142) (143) (144) (145) (146) (147) (148) (149) (150) (151) (152) 147 The holotype and 30 paratype females are deposited at CNAC (007051-81). The remaining paratypes (10 females) are deposited in OSAL and USNMC.
Etymology. The specific name is derived from the collecting locality, the town of Chamela.
Remarks. This species appears to be a specific ectoparasite of Phyllodactylidae (see Table 3 ). Femur IV with an apparent division into two non-articulating segments (Fig. 6) 
Pimeliaphilus Trägårdh
Pimeliaphilus Trägårdh, 1905: 31; Vitzthum 1942: 612; Radford 1943: 71; Baker and Wharton 1952: 207; Cunliffe 1952: 159; Jack 1961: 305 . Pimeliaphiloides (in part): Vitzthum, 1942: 613; Radford 1950: 377; Baker and Wharton 1952: 208; Cunliffe 1952: 162; Jack 1961: 305 . Type species. Pimeliaphilus podapolipophagus Trägårdh, 1905, by original designation. Diagnosis. Female. Gnathosoma (Fig. 7A-B ). Base of gnathosoma large and longer than rest of palps; delimitation between subcapitulum and hypostome gradual (inconspicuous); tip of hypostome with distinct membranous velum marked dorsally with prominent, transverse and parallel striae and with rostral flange (structure stiff, hyaline shelf just proximal to striated velum); palpal tibial claw long (2 times longer than palpal tarsus) and curved starting at the middle; cheliceral digits (movable and fixed) long and spine-like; proximal part of cheliceral base thin (3.5 times or less width of distal part). Idiosoma. Oligotrichous; setae c3 absent; prodorsal shield always present. Legs. Solenidion ω 1 on tarsus I present; companion seta (ft) on tarsus I is nude, spiniform and very reduced; setae 4c on coxae IV peripectinate. Hosts. Most of the species parasitic on arthropods (e. g., triatomine bugs, scorpions and beetles), and at least two species parasitic on lizards of gekkotan families, i. e, Gekkonidae and Phyllodactylidae (Table 4 ).
Included species (Table 4) . P. insignis (Berlese, 1892) , P. podapolipophagus Trägårdh, 1905 , P. sharifi Abdussalam, 1941 , P. isometri Cunliffe, 1949 , P. triatomae Cunliffe, 1952 , P. rapax Beer, 1960 , P. cunliffei Jack, 1961 , P. gloriosus Newell and Ryckman, 1966 , P. sanguisugae Newell and Ryckman, 1966 , P. plumifer Newell and Ryckman, 1966 , P. calimesae Newell and Ryckman, 1966 , P. peninsularis Newell and Ryckman, 1966 , P. andersoni Newell and Ryckman, 1966 , P. joshuae Newell and Ryckman, 1966 , P. trogadermus Cunliffe, 1968 , P. zeledoni Newell and Ryckman, 1969 , P. penrithi Olivier, 1977 , P. sanguicollis Olivier, 1977 , P. buysi Olivier, 1977 and P. desertus Olivier, 1977 Remarks. This short diagnosis is based mainly on the four species included in this study (P. ca. podapolipophagus, P. trogadermus, P. sharifi and P. insignis) . A more detailed review of the genus including all nominal species of Pimeliaphilus is clearly needed. For example, the presence of solenidion φ 1 on tibiae I in the larvae should be corroborated in all species (at least all of those where larvae are known).
Contrary to the view of Bochkov and OConnor (2006) who mentioned that setae c1-3 are present in all active instars, we note that all species in Pimeliaphilus lack idiosomal dorsal setae c3 in all instars.
This genus displays a wide host range, including Old World lizards (Phyllodactylidae and Gekkonidae), Old and New World arachnids (Scorpiones), and insects (Coleoptera, Hemiptera and Blattodea) as well as free living forms (e. g., P. sanguicollis Olivier) ( Table 4 ). Their host associations should be also analyzed in more detail because some undetermined specimens of Pimeliaphilus were recorded on phlebotomine sandflies Phlebotomus alexandri (Diptera: Psychodidae) in Saudi Arabia (Lewis & Macfarlane 1981) . (Cunliffe 1952; Andr 1961; Jack & Girot 1965) . ex Hemidactylus turcicus, SPAIN (Baker 1998) (Table 4) .
Material examined. 1 female ex undetermined gecko, IRAQ, south, coll. J. Robson (BM(NH) ).
Remarks. According to Jack (1964) this species has all the five setae on femur II however the examined specimen from Iraq lacked seta l". In the latter specimen it is also difficult to see whether both p' and p" are present. The specimen from Iraq has the same three setae, d, l' and v', on genua III as mentioned by Girot (1965) instead of d, l' and l" sensu Jack (1964) . It also has solenidion ω on tarsus III (mentioned as absent by Jack 1964 and Girot 1965) . Setae a' and a" are very difficult to see. Additional data included in the phylogenetic analysis were obtained from André (1961), Jack (1964) and Jack and Girot (1965) .
Pimeliaphilus sharifi Abdussalam
Pimeliaphilus sharifi Abdussalam, 1941: 69; Nagar 1978 : 107 Hirstiella sharifi Jack, 1961 Remarks. Most of the data presented for this species were obtained from the literature (Abdussalam 1941; Nagar et al. 1978) . Some additional information was obtained by examination of a deutonymph (originally misidentified as a female) deposited at BM(NH) and labeled as lectotype by Nagar. Based on the data provided by Nagar et al. (1978) we suspect that their redescription of the female of this species was based on deutonymphs instead of females.
Tequisistlana Hoffmann and Sánchez
Tequisistlana Hoffmann and Sánchez, 1980: 99 Diagnosis. Female. Idiosoma almost circular, oligotrichous; prodorsal shield present, rectangular (wider than long) with 3 pairs of setae (vi, ve and sci), vi anterior and internal to ve (both setal pairs not aligned vertically or horizontally); dorsal setae (except h1 and f2) pectinate and long (reaching the bases of the next setal row); dorsal setal pair h1 tuft-shaped very reduced (quarter of length of h2); dorsal setal pair f2 tuft-shaped and very reduced (tenth part of length of f1); genital region covered with folded fan-shaped cuticular structure; genital setae (g1) thick and sparsely serrate and not located on lobes; setae ag1 long (although shorter than f1) and pectinate; setae ag2-3 short, thick and sparsely serrate (as setae g1); setae ps1-3 tuft shaped, subequal in length and very reduced (quarter of length of h2 
Chaetotaxy model propose for Pterygosomatidae
The first model of nomenclature of leg setation for the family Pterygosomatidae was developed by Jack (1964) . Bochkov and OConnor (2006) adapted Grandjean's nomenclature for leg, idiosomal and palpal setae (Grandjean 1939; 1944; 1946) to Pterygosomatidae, and proposed homologies with the setal designations of Jack. This model was follow by Bochkov et al. (2008) .
Chaetotaxy as used in this study shows some differences with the model presented by Bochkov et al. (2008) . Notably, the Bochkov et al. study was aimed at elucidating the position of Myobiidae within the Raphignathae and not with intrafamilial variability in Pterygosomatidae. These authors therefore used only one representative of the Pterygosomatidae, Hirstiella spp. The current study allows considerable refinement of this aspect of the model by recognizing a sizable amount of intrafamilial variability (Table 5 ). Second, one set of setal homologies proposed differs from those proposed by Bochkov et al. Those authors note the presence of setae l" on genua III-IV and absence of setae v" III-IV. In this study we consider the relevant setae on those podomers homologous with v" III-IV, not l", for positional reasons.
Further observations on Pterygosomatinae sensu Cruz (1984) will complete the propose chaetotactic pattern in the family. Bochkov et al. (2008) 
Host associations
Most pterygosomatid mites are ectoparasites of lizards worldwide. These mites are not phoretic and transmission is probably from individual to individual; they feed on blood or body fluids taken from their hosts and spend most of their life under the hosts scales, between its toes, or in areas known as mite pockets (Bertrand and Modry 2004) .
The genera analyzed in this study display different levels of specificity; the species in the genus Geckobiella are associated with New World families of iguanian lizards (Iguanidae, Phrynosomatidae and Tropiduridae) whereas the species in Bertrandiella gen. nov. are restricted to New World lizards in the gekkotan families Phyllodactylidae, Sphaerodactylidae and Eublepharidae (Fig. 8) . In contrast, the species of Pimeliaphilus display a broad host range including Old World lizards in the gekkotan families Gekkonidae and Phyllodactylidae, but also a wide range of arthropod hosts (see Table 4 ). Based on our phylogenetic hypothesis and mapping the main host of each species analyzed (Fig. 8) we propose a possible route of the evolution of parasitism among these genera. Most likely the ancestors of Pterygosomatidae have moved initially from a free living life-style to parasitize lizards and from there moved to modern arthropods. This kind of disjunct pattern of host and mite phylogeny clearly involves host-switching: the mites transferred from their normal hosts, lizards, to an ecologically associated, but phylogenetically distant, one, arthropods. After this transfer, the mites radiated into new species and possible cospeciation with the new hosts (Walter & Proctor 1999) .
The latter needs to be tested in a detailed analysis of all species of Pimeliaphilus. Meanwhile the current study provides strong evidence against the hypothesis by Bochkov and OConnor (2006) that parasitism of arthropods preceded that of lizards. 
Conclusions
In this study, we focus on phylogenetic relationships of the species previously placed in the genera Geckobiella and Hirstiella. Based on the results of the analyses we conclude that the genus Hirstiella is invalid, and should be synonymized with Geckobiella. Species previously placed in Hirstiella are re-classified in three different genera (Fig. 8) , Geckobiella sensu nov. (including the species of Hirstiella parasitic on iguanian lizards), Bertrandiella gen. nov. (for the New World species of Hirstiella parasitic on gekkotan lizards) and Pimeliaphilus (for Hirstiella insignis and H. sharifi, the species of Hirstiella parasitic on Old World gekkotan lizards). These three lineages are well supported in our analysis. However, relationships of these clades with the other genera of Pterygosomatidae should be analyzed further. Secondly, a systematic revision considering all species of Pimeliaphilus and including an analysis of its host relationships, is also indicated. The current analysis suggest that the arthropod associations in Pimeliaphilus are secondary, resulting from host switches from lizards.
This study represents the first major attempt at reconstructing phylogenetic relationships in Pterygosomatidae. Clearly some issues remain unclear and require further investigation. These issues include the phylogenetic position of Pterygosomatinae (sensu Cruz 1984) and patterns of host parasite evolution (coevolutionary history of these mites and their hosts). Future analysis including representatives of the rest genera of Pterygosomatidae, the exploration of molecular characters and additional morphological characters in other instars, safely will improve our observations about the evolutionary history of pterygosomatid mites. 265. Location of setal pair 4a. 0, very close together, between coxae IV (almost aligned longitudinally to setal pair 3a); 1, separate, posterior to coxae IV (longitudinally more external than 3a). 266. Relative length of coxae I. 0, subequal to coxae II; 1, longer than coxae II. 267. Relative length of coxae III. 0, shorter than coxae IV; 1, longer than coxae IV. 
